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1
SPRAY NOZZLE ASSEMBLY IF'OR GAS
DYNAMIC COLID SPRAY AND METIIOD OF
COATING A SUBSTRATE WITH A HIGH
TEMPERATURE COATING

FIELD OF THE INVENTION

The spray gun unit and nozzle assembly arc illustrated in
IFIG. 2 and have a modular structure for ease ol fabrication,
operation and cleaning, In a preferred embodiment, the spray
gun includes at least three main components: a rear housing,
afront housing 3, and a nozzle assembly 5 which includes an
auler jacket 72, an inner cooling jacket 8 and the nozzle 6.
Rear housing comtains 1wo inlets, one inlet for the gas
entrained powder and the other for the heated gas resident in
flexible insulated metal hose via gas entry port. An adjustable
coupling allows control of the length of the extending portion
af'the gas entrained powder through powder feed tube into the

mixing chamber to fine tune performance characteristics of

the system. A dilTuser [acilitales the high speed nixing ol the
heated inlet gas from fexible metal hose via eniry valve with
the gas entrained powder from the powder feed tube in the
front housing 3. The mixing of the heated gas with entrained
powder oceurs in mixing chamber with egress inle a converg-
ing 12 and diverging 14 nozzle to impart supersonic velocitics
to the gas and entrained powder particles for ultimate
impingement upen a substrate. The narrowed area between
the converging 12 and diverging 14 areas [orms a throat 13.
Described similarly and alteratively, the initially converging
circular hore 12 of the nozzle may be viewed as frustoconical
1n shape while the diverging circular bore 14 of the nozzle
may be viewed as inverted frustoconical in shape. each frus-
toconical shape in communication with each other via
restricted channel 13, and in a preferred embodiment, by
co-joining of the frustoconical shapes.

BACKGROUND OF THE INVENTION

Prior art cold gas dynamic spray systems, sometimes also
referred to by the term “cold spray systems”, utilize a spray
gun, which is in flnd-tight communication with a nozrle
assembly that both directs and acls upon a supersonic gas/
powder mixture which is directed at a relatively high velocity
and low temperature (compared to other thermal spray pro-
cesses ) to impinge upon a substrate to form a coating. The gas
is used as a carrier for the powder that orms a coating on the
substrate, and further, as the gas is heated and subjected to
temperature and pressure dillerentials, the carrier gus reaches
a velocily that can subject the powder 1o a thermal and plastic
deformation when it impinges upon the substrate to help
cause it to adhere to the substrate. While the gas is generally
below the melling temperature ol the powder, itis subjected to
kinetic energy to cause it o be propelled at supersonic con-
ditions to impart sufficient kinetic energy to the powder efflu-
ent such that it will adhere to and form a continuous coaling
on the substrate when it impinges upon it. Given the sophis-
ticated uid dynamics required Lor this process, the mterior of
the nozzle has a precisely machined converging and diverging,
shape which subjects the powder/gas mixture to a venturl
ellect as 1t travels along the nozzle passage.

In general, an electrical heater is used to heat the large
volume processing pas. The heater normally heats the gas to
as high as 800° C. (1472° E.). The eleciric heating element,
used to heat the process gas, operates under high pressure and
temperature environment, During the spraying of some mate-
rials such as aluminum, the powder particles gel deposited
inside the nozzle on the walls blocking the gas flow path.
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When the nozele block happens, the gas [low is reduced or
even stopped, causing abnormal increase in the lemperature
and pressure o the heating element and the gun. Such sudden
increase in temperature and pressure can damage the gun and
the heater, and also affect the safety of the operator.

11 the past, such nozzles were made ol two halves for case
of fabrication. An advance to this art is shown in LS. Par.
MNos, 6,502,767, and 6,722,584, issued (o the same invenlors
as the present invention As an improvement, the nozzle was
made of a unitary picce of metal. In this design, the nozzle is
attached to a 3-5 mm thick washer and this washer is bolted
onlto the gun body. Some of the issues with this design can be
solved by making the nozzle out of a polymer. However, the
unitary construction with a converging and diverging internal
hore is expensive to manufacture, and the nozzle is typically
made with a flange at the end of the nozzle where the nozzle
abuts the gun. This construction provides lor a relatively
strajghtforward place to join the nozzle to the gun, but as it
provides a heat sink in the arca behind the diverging section of
bore in the nozzle, it allows thermal energy 1o build there and
consequently the nozzle has o lendency 1o foul or degrade at
the higher gas temperature, required for certain coating mate-
rials. The present invention provides a nozzle assembly which
utilizes a polymer nezzle with a cooling means in the area of
the nozzle up stream ol the diverging bore section and which
has coupling section with a thermal/mechanical design.

The present invention represents a [urther advance [or the
use ol ultra high lemperature alloys (1.e. alloys having melting
temperatures of more than about 800® C. (1472° 11). The
present invention invalves the use of a unitary cylindrical
tapered nozzle, which is made, such as by machining, from a
single block of'a nen-metallic material, such as polymer. The
interior hore of the nozzle has a precisely shaped converging
and diverging taper to induce mixing, velocity and kinetic
energy ol the powder and gas stream of the spray mixture. In
accordance with the present mvention, prior arl problems
with the nozzle when used with particular powders are inhib-
iled. In the past when steel nozzles were used, the taper could
become clogged, causing fouling ol expensive novzle, and
resulting in down-time for the production apparatus, and pos-
sible risk of harm 1o the gun and heater, substrate and even
possibly to workers. In contrast when polymer nozzles are
used in the prior art assembly, the nozzles can be subject to
thermal degradation in the area at and near the throat of the
bore (1.e. where the converging and the diverging areas join).
The present invention helps to solve these probleins by pro-
viding a novel nozze assembly which includes a polymer
nozzle and a thermal/mechanical coupling with a cooling
jacket and novel processes which include the nozzle assembly
ot the present invention to permit superalloys and high tem-
perature alloys to be sprayed onto a substrate.

SUMMARY OF TIIE INVENTION

The invention eliminates many ol the inherent limitations
of the Prior Art by providing a nozzle assembly that inhibits
[ouling of the intemal bore of the nozze and which minimizes
erosion and degradation of the nozzle at the conjunction of the
nozzle and the gun exil passage, in particular at higher tem-
peratures necessary for deposition of high temperature alloys
and super alloys. This new design uses an externally tapered
cylindrical polymer nozzle. a cooling jacket and a nozzle
holder that abuts nozzle downstrean from the abutment ofthe
nozzle and the gun mixing chamber exit passage (i.e. down-
stream ol the converging section of the internal passage, and
where the passage begins to widen again) which allows the
cooling media to be o thermal contact with the nozzle
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upstream of the throat of the internal hore of the nozzle. The
cylindrical nozele is held in place by a cylindrical nozzl
holder with a friction fit. for example a complementary inter-
nal taper W that ol the external taper ol the nozvle, halding the

=

nozzle in position and sealing the joint with an application of

pressure past the convergent section of the internal taper. In
light of the fact that the nozzle helder is in thermal contact
with the cooling jacket, it remains cooler than the nozzle,
which expands due to the hot gas passing internally therein,
thereby additionally facilitating the leak-proof fit of the
nozzle to the nozzle holder and of the nozzle (o the gun.

Itis an object of this invention to improve the fluid dynam-
ics at the nozzle.

Tt is an abject of this invention to improve the uselul lile of

1he nowezle, which con he quite costly. The mvention [urther
improves the operating efficiency and safety of the spray
apparatus, as well as elliciency of the production of coated
substrate.

It is another abject of the invention to enable the use of the
present apparatus for high temperature alleys and to allow a
novel process af superalloy surface treatment using a cold
SPray process.

These and other objects of this invention will be evident
when viewed in light of the drawings. detailed description,
and appended claims.

BRIEF DESCRIPTION OF DRAWINGS

The invention may take physical form in certain parts and
arrangements of parts, a preferred embodiment of which will
be described in detail in the specification and illustrated in the
accompanying drawings which lorm a part hereol, and
wherein:

FIG. 1 is a schematic ol the cold gas-dynamic spray sys-
lem:

FIG. 2 is a side view. shown in partial cross-section, of a
spray gun and nozzle assembly used in the practice of the
invention shown in FICG. 1 and in accordance with the present
invention: and

FIG. 3 is an enlarged cross-sectional view of a single-
component nozzle,

DETAILED DESCRIPTION OFF TIIE INVENTION

Relerning now 1o the drawings wherein the showings are
for purposes of illustrating the preferred embodiment of the
invention only and not for purposes of limiting the same, the
Figures show the process and apparatus used in the process to
elfect deposition ol various materials onto a substrale.

In the process illustrated in FIG. 1, two high pressure gas
streams 28, 32, which sireams can either be the same or
different, or even mixed streams of the two high pressure
gases, are led in a predetined ratio, This ratio 1s determined by
anumber ol factors, including the rate ol powder delivery, the
gas and particle velocity, the diameter of the tubing, the
melting characteristics of the powder, The gas stream is led
into powder hopper 26 and gas heating chamber 24. It is
recognized that while two separate high pressure gas streams
are shown, it is possible to configure the system ta use only
one source ol high pressure gas with a splitter valve, not
shown. In this configuration, the composition of the high
pressure gases fed to the powder hopper and gas healing
chamber would be the same. The gas heating chamber may be
g slraight pass (hrowgh [urnoce or include a serpentine or
helical path. The heating means may be by ceramie cartridge
heaters, flame, heat exchanger tubes, electrical heating, or by
any other known heating means. The heated gas exits the
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heater via exit flexible insulated metal hose 20 into the nozzle
assembly 10 via gun body 18, where it combines with a
predetermined quantity of powder which has been picked up
[rom the powder hopper 26 via llexible powder hopper [eed
tube 17. Cold spray systems arc available under the trade-
name Kinetiks® Irom ASB Indusiries in the USA, and lrom
Cold Gas Technology GmbIl in Germany. Suitable systems
for the present invention include the Kinetiks®@ 4000 and
Kinetiks® 2000 portable cold spray system. The invention
can be supplied as an OEM feature or existing cold spray
equipment can be retrofit with the nozzle holder and cooling
assembly of the present invention.

The spray gun unit and nozzle assembly are illustrated in
FI1G. 2 and have a modular structure for ease of fabrication.
aperation and cleaning. Ina preferred embodiment, the spray
gunincludes at least three main components: arear housing 1,
alromt housing 3, and a nozzle assembly 5 which includes the
nozzle 6. Rear housing 1 contains two inlets, one inlet for the
gas entrained powder 7 and the other for the heated gas
resident in flexible insulated metal hose via gas entry port 9.
An adjustable coupling 8 allows control of the length of the
extending portion 13 ol the gas entrained powder through
powder feed tibe 7 into the mixing chamber 15 1o fine tune
performance characteristics of the system. A diffuser 2 facili-
tates the high speed mixing ol the heated inlet gas lrom
flexible metal hose via entry valve 9 with the gas entrained
powder from the powder feed tube 7 in the front housing 3.
The mixmg of the heated gas with entrained powder cccurs in
mixing chamber 15 with egress into a converging 12 and
diverzing 14 nozzle o impart supersonic velocities 1o the gas
and entrained powder particles for ultimate impingement
upoen a substrate. The narrowed arca between the converging,
12 and diverging 14 areas forms a throat 13. Described simi-
Tarly and alternatively, the initally converging circular bore
12 of the nozzle may be viewed as [rustoconical in shape
while the diverging circular bore 14 of the nozzle may be
viewed as inverled frustoconical in shape, each firustoconical
shape in communication with each ather via restricted chan-
nel 13, and in a preferred enmbodiment, by co-jeining of the
frustoconical shapes.

In a preferred embodiment, the nozzle holder assembly 5
includes a nozzle collar 7 which is in thermal-mechanical
communication with the exterior surface ol the nozrle 6 so as
to hold the nozzle in fluid tight communication against the
exit side S0 ol'the egress port ol 'the spray gun. The callar 7has
acylindrical portion 52 with a central bore 54 that has a shape
that corresponds to the exterior shape, and preferably to the
taper of the nozzle in the area in which the two pieces inter-
face. The collar 7 further includes an anmular Mlange 56 that
mates with a corresponding annular recess 58 in the collar
holder 60 or the cooling jacket/nozzle holder assembly 5. The
collar holder or nozzle nut, 60 is internal to the cooling
Jacketnozzle holder and includes passages 62 lor the com-
munication o a coeling media, such as nitrogen, air or gases
orother luids including water or oil, with a larger chamber 64
that surreunds an mitial portien ol the nozzle 6 and n par-
ticular surrounds the exterier surtace of the nozzle which
extends at least the length ofthe nozzle having the converging
portion of the bore. Of course, the chamber can extend the
entire length of the nozzle. The chamber 64 is defined on one
end by the outside surface of the gun adapter 66 on the lateral
surlaces by the interior portion of the cooling channel 68 and
atan oppasing end by the front wall 70 of the cooling channel
a8, The [ront wall 70 includes a hele lor the passage ol the
front end of the nozzle 6. The cooling channel is held in fluid
communication with a cooling jacket 72 that has an inlet 74
and an outlet 76 for the provision of the cooling media. The
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collar 32 constrains the nozzle at a length away from the joint
between the gun adapter and the nozzle ingress. Preferably,
this location is past the narrow join of the converging and
diverging sections ol the internal passage within the nozzle 6.
The collar extends less than the entire portion of the nozzle,
and something like from about 0.20 (o about 0.75, and prel-
erably from about 0.25 ta about 0.5 of the length of the nozzle.
The nozse holder is positioned se as to surround and support
the nozzle in the area in which it is subject 1o larger thermal
and mechanical loads as the gas/powder mixture converges
and impacts the internal passage and [urther to allow access ol
the cooling media to the nozzle. This helps to dissipate and
support the nozzle and to inhibit erosion and distortion from
the use of the nozzle.

Diagnostic ports to measure and contrel gas pressure and
temperature and arc incorporated at the mixing chamber.
Hiph-pressure (20 (o 45 bar/300-750 psi) gas (air, nitrogen,
helium and their mixtures) is used as the working gas. lnorder
o compensate for the cooling associated with the rapid
expansion at the nozzle, an electric heater 24 is used to pre-
heat the working pas to about 200-800° C. (about 400-1500°
F.). A high-pressure powder hopper leeds powder material in
the size range of 10-40 microns. Conventional job handling
systems such as robot, x-y manipulator, lathe, ele. are used 1o
scan the spray beam over the substrate surface to produce the
coaling.

The nozzle 6 and nozzle holder assembly 5 are attached to
the gun body using a large dimension ring 4 with associated
bolts and nuts 19, positioning of the nozzle and nozzle holder
assembly being elfected through at least partial mating
engagement with circular lip 25 which is inserted at least
partially into nozzle bore inlet. The nozzle ring not only has
sufficient strength to withstand the mechanical stresses (un-
like the washer ol the Prior Art), but also serves, as a heat sink
50 that the nozzle 6 has a lower temperature than the gun body,
Proper temperature differential between the gun body and the
nozzle allows the thermal expansion ol the gun body Lo grow
nto the nazzle seal groove and enhance the seal at gun bady/
nozzle interface and avoid any leakage of gas. Thus, this
design enhances sealing characteristics at higher operating
temperatures. I'ront housing 3 and rear housing are atlached
using a set of nuts with associated bolts which facilitates casy
and quick disassembly, cleaning, and reassembly ol the gun.

Rear housing, contains both gas and powder inlets. It also
containg ports [or monitoring the pressure and temperature of
the process 2as. The exact position of the powder inlet can be
adjusted by use ofthe adjustable coupling nut. A diffuser 2 not
only helps in the formation of'a proper jet but also ensures that
the powder is injected exactly coaxially. The front housing
removably couples the gas and powder inlets (o the converg-
ing/diverging nozzle. It serves (o form the gas jet and properly
mix the powder and gas, so that the proper spray beam is
produced in the nozzle.

The heater 24 consists ol a high lemperature heating coil
embedded in an insulating container, a variable power supply
34 and a programmable temperature controller 36, A simple
power supply 34 is used to encrgize the heating coil. A sealed
thermocouple 38 is inserted into the gas stream in close prox-
imity of the gun body to measure the temperature of the
processing gas. A high limit thermocouple 40 1s installed onto
the heating coil very close to the outlet. so that it will measure
the wall temperature of the heating coil. This thermocouple is
cannected to the high limit temperature input of a high limi
cantroller 42,

A solid state pressure sensor 44 is incorporated onto the
zun bady, This sensor is connected to a pressure regulator,
and when the gun pressure exceeds the set pressure, this sends
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a signal to the high pressure input ol the high limit controller
42, When the high limit controller 42 receives either the
pressure or the temperature signal, i1 immediately switches
ol the heating power supply 34 and gives an audiovisual
alarm 46,

A high pressure release vent is incorporated onto the gun
body. When the nozzle blockage oceurs and the high pressure
signal sets ofl the alarm 46, the gas inlel valve is momentarily
closed, vent opened and then the gas valve opened again to
cool the heating coil.

The nozzle of the present invention can be made from
various materials, and m the broadest interpretation includes
steel, lungsten carbide, and non-metallica materials, such as
high temperature, crosion resistant polymers. meluding for
example Celezel™ sold by BASF or Vespel™ sold by
DuPont, which is a high temperature, creep resistant pelyim-
ide. It is envisioned that other polymers having suitable tem-
perature, strength, wear and corrosion characteristics, and
inertness with the particulate and carrier gas could also be
used for the nozzle.

The invention also relates in particulur to a process thal
permits the application of a high temperature, corrosion resis-
tant material (o a substrate. This matenial includes a “super-
alloy” or “high performance alloy™ which is an alloy that
exhibits excellent mechanical strength and creep resistance at
high temperatares. good surface stability, and corrosion and
oxidation resistance. Superalloys typically have an anstenitic
lace-centered cubic crystal structure, A superalloy’s base
alloving element is vsually nickel, caball, or nickel-iron.
Superalloy development has relied heavily on both chemical
and process innovations and has heen driven primarily by the
aerospace and power industries, Typical applications are in
the aerospace, industrial gas turbine and marine turbine
industry, e.g. lor turbine blades [or hot sections of jel engines.
Examples of superalloys are Hastelloy, Inconel. Waspaloy.
Rene alloys (e.g. Rene 41, Rene 80, Rene 95), [laynes alloys.
Incoloy, MP98T, TMS alloys. and CMSX single crystal
alloys.

The following examples illustrate the process ol the
present invention with various substrates and coating materi-
als. The examples are meant to be illustrative and not limiting
ol the invention.

Example 1

In this example, a substrate comprising aluminum was
coated with a 250 micron layer of cobalt chromium aluminum
yitrium using a cold gas dynamic spray process including the
nozzle assembly all in accordance with the present invention
as follows: The substrate was a rectangular plagque measuring
12 inches by 6 inches by Y% inch in thickness. The plaque was
prepared by eleaning with alcohol and grit blasting with alu-
mina grit The spray apparatus was a KinetiksiG 4000 spray
system medified with the nozzle assembly of the present
invention. The powder hopper of the spray system was Joaded
with one kilogram of cobalt chromium aluminum yttrium.
The process gas was nitrogen, where the lemperature and
pressure in the gun were 700° C. and 40 Bars respectively.
The sample was lixed 0 a J3g and the novzle was sel to spray
the sample at a distance of 1 inch with a sullicient dwell to
provide a unilorm coating over the surface of the sample 1o
the desired 250 micron thickness. The nozse assembly
inclided the couling jacket leed from a stream ol compressed
nitrogen gas. The coated substrate was sectioned in represen-
tative locations, and the quality of the coating was checked
using optical microscopy. The polymer nozzle was visnally
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inspected and no signs of deterioration were observed and a
pressure stream was checked through the nozzle and no
ohstruction was noted.

Example 2

[n this example, a substrate comprising aluminum was
caated with a 230 micron layer of cobalt chrominm aluminum
yirium using a cold dynamic spray process without the
nozz sembly of the present invention, The nozzle was a
steel nozzle. All of the other process paramelers were the
same, The nozzle fouled belore the coating thickness was
achieved, and on inspection, the cross-sectional thickness
showed helerogenous domains and unsatistactory micro-
structure.

Example 3

In this example, several attempts were made to spray sub-
strate samples comprising aluminum with a 250 micron layer
of cobalt chromium aluminum ytirium using & cold dynamic
spray process without the nozzle assembly ol the present
invention. The nozzle was a polymer nozzle. All of the other
process parameters were the same. In this example. the nozzle
began lo deteriorate by warping and distorting at the flange
joining the nozze of the spray gun. shortly after the tempera-
ture of the gun exceeded 300° C. No further samples could be
ron.

Example 4

In this example, a substrate comprising steel was coated
with a 200 micron layer of nickel chromium aluminum
yitrium using a cold gas dynamic spray process without the
nozzle assembly of the present invention. The nozzle was a
steel nozzle. All of the other process parameters were the
same. The nozzle fouled before the ceating thickness was
achieved, and on inspection, the cross-sectional thickness
showed unacceptable micrestructure.

Fxample 5

Further experiments with many other malterials such as
Incanel 625, Incanel 718, spherical titanium, ete. showed that
all these materials require the cold spray gun o operate al
temperature above 5007 C. and pressure above 30 bars, and
that the steel nozzles always resulted in nozzle fouling during
the high temperature spray operation (before the coating
thickness could be achieved) while polymer novzles got dam-
aged due to high temperature warping and distortion. Good
quality coatings of required thickness of all these and other
materials were achieved using the nozzle assembly of present
invention,

Therefore, whal has been described in o prelerred embodi-
ment, is an apparalus which comprises multiple parts includ-
ing a housing (which may itsell comprise multiple subparts},
an inlet for o gas entrained powder, an inlet for a gas, a mixing
cavity within the housing for mixing of'the pewder and gas in
commumication with the respective inlets therefore, the cavity
having an exit for egress of the combined gas/powder stream
into a nazzle.

The nozzle, which is a non-metal nozzle, and prelerably is
4 polymer, is in intimate physical contact with the housing
and allixed thereto by a nozze holder including a cooling
jacket and having a tapered cylindrical bore centrally dis-
posed therethrough and spuced apart from the outlet of the
housing or gun body or adapter. The nozzle holder is remov-
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ably attached 1o said hovsing with a fasteming means. typi-
cally a bolt and a screw although other modes of attachment
arc envisioned, e.y., elimination of the bolt via an internally
threaded bore which allows the present invention to be fitted
1o existing spray apparatuses for practice of the process in
accordance with the present invention. The spray gun nozzle
15 preferably a unitary piece of polymer that has a centrally
disposed bore therethrough.

The nozzle bore has an inlet end and an exil end and a
constriction inlerposed belween the two ends, In a prefemred
embodiment, the inlet end has a right frustoconical shape
extending partway therethrough and in communication with
an inverled right frustoconical shaped bore exit at an oppoesed
exit end. The nozzle bore is in communication with the mix-
ing cavity exit. and leak-proot’ engagement is effected by
positioning ol the nozzle within the bore of'the nozzle holder,
an interior taper of the nozzle holder {collar) bore essentially
matching an exterior taper of the nozzle.

The housing for the spray apparatus (ypically has several
subparts specifically including a cooling channel and a cool-
ing jackel which conlains a cooling media in thermal com-
mumication with the nozzle of the spray apparatus. The inlets
[ior the entrained powder and heated gas are contained within
the rear housing while the mixing cavity is within a detach-
able front housing, secure engagement of the [ront and rear
housings being effected via an atlachment means which may
be anut and a boll, ar alternatively an internally threaded bore
for receiving mating exteriorly threaded bolt,

In erder to facilitate the [astening of the housing with the
nozzle, the exit of the mixing cavity has o protruding Tip lor
insertion into an inlet end of said nozzle bore. The altitude (a
measure of the height of the frustonconical section as mea-
sured between the two bases) of the inlet frustoconical bore is
less than an altitude of the exit frustoconical hare.

In a preferred embodiment, the nozzle holder fastening
means is a housing having at least two internal diameters, the
smaller dinmeter including internal passages [or passage ol a
cooling media and the larger being in luid communication
with a source of the cooling media. The nozzle holder further
including a nozzle collar, which forms a thermal mechanical
interface with the external surface of the nozzle. where the
interface is spaced apart from the converging section of the
internal passage along the longitudinal axis ef the nozzle to
allow coeling media to be in thermal contact with this section
of the nozzle.

This invention has been deseribed in detail with reference
to specific embodiments thereol] including the respective best
modes [or carrving oul each embodiment. [t shall be under-
stood that these ilustrations are hy way ol example and not by
way of limitation.

While in accordance with the patent statutes, the best mede
and preferred embodiment have been set forth, the scope of
the invention is nol limited thereto, bul rather by the scope of
the attached claims.

What is claimed is:

1. A method for gas dynamic co aving a substrate with
a high temperature coating comprising the steps of

{(a) providing a substrate

(b) providing a powder which has a melting temperature of
more than about of 700 C. which powder is to be
applied 1o the substrate;

(c) providing an apparatus having a heusing with an inlet
or a gas and a mixing cavity disposed within the hous-
ing for mixing the powder and the gas in communication
with the inlets, the cavity having an exit therefrom;

(d) providing a nozzle assembly including a nozzle holder
Laving a nozzle collar which includes a bore centrally
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disposed therethrough, and said nozzle assembly further

neluding a cooling jacket including a cooling media,

and a nen-metallic nozzle having an exterior surface, a

central lengitudinal axis and a centrally dispesed bore

therethrongh,

(1) said nozzle bore having an intemal passage delining
a converging section extending partway therethrongh
from, an inlet of the nozzle bore and a diverging
section extending toward an outlet end of the nozzle
bore,

(i1} the nozzle bore nlet in communication with said
mixing cavity exit,

(iii) the nozzle cellar forming a thermal mechanical
interface with the exterior surface of the nozzle.
where the mterface is spaced apart [rom the converg-
ing section of the internal passage along the central
Tomgitudinal axis of the nozzle to allow the cooling

10

10

media 10 be in thermal contact with the exterior sur-
lace ol the nozze correspending to the converging
section af the novrle, and
{c) applying said powder to said substrate from the mixing,
cavity through the nozzle of the nozzle assembly.
2. A method for gas dynamic spraving as set forth in claim
1 wherein the powder is a superalloy.
3. A method for gas dynamic spraying as set forth in claim
2 wherein the powder is one or more alloys of nickel chro-
mium  aluminum  yirium, coball chromium aluminum
yttrium, iron chromium aluminum yttrinm.
4. A method for gas dynamic spraying as sct forth in claim
1 wherein the powder is a high temperature alloy.
5. A method for gas dynamic spraving as set lorth in claim
1 wherein the powder comprises one or more of titanjum.
tantalum. and niobium.



